Abstract
INTRODUCTION
Esophageal squamous cell carcinoma (ESCC) is one of the most lethal malignancies [1] . Due to the lack of effective clinical methods for early detection, most patients are at an advanced stage at the time of diagnosis [2] [3] [4] . ESCC is the fourth most common cause of cancer death in China [5, 6] . The pathogenesis of ESCC involves a stepwise progression from basal cell hyperplasia (BCH) to lowgrade dysplasia (LGD), high-grade dysplasia (HGD), carcinoma in situ, and finally invasive carcinoma. Esophageal dysplasia is a precancerous lesion [7] [8] [9] [10] [11] , but the development from dysplasia to carcinoma is by no means inevitable [12] . Long-term epidemiological studies have indicated that severe-dysplasia is related to the risk of ESCC development, but LGD transforms into HGD only in a small number of patients, and can revert to normal mucosa or does not transform into malignant lesions in the majority of patients [13] [14] [15] [16] . Endoscopic screening is effective in early esophageal cancer and to ascertain the stages of esophageal carcinogenesis [17] [18] [19] [20] [21] . Current management guidelines promote endoscopic screening in individuals with esophageal dysplasia, thus it is very important to identify biomarkers to screen high-risk subjects who should undergo endoscopic examination.
The accumulation of p53 protein appears in the very early stage of esophageal carcinogenesis and culminates in malignant transformation, and increased p53 expression observed on immunostaining is associated with a higher risk of histological progression [22] [23] [24] [25] [26] [27] .
Carcinoembryonic antigen (CEA) is normally produced during fetal development and is used as a classic tumor marker [28, 29] . Carbohydrate antigen sialyl Lewis a (CA19-9) is associated with cancers of the colon, stomach, pancreas and bile duct, but it is also associated with noncancerous conditions [30] [31] [32] [33] . As far as we know there are few studies on CEA and CA19-9 protein expression in biopsy tissue from precancerous lesions of the esophagus in a high-incidence area.
Therefore, we determined whether CEA and CA19-9 protein expression is also related to the early stage of esophageal carcinogenesis transition, whether there are associations between these three biomarkers, and whether the combined expression of these biomarkers may lead to a more thorough understanding of the evolving process of ESCC. The aim was to prove a relationship between the three biomarkers and the stages in the transition to esophageal carcinoma, and to evaluate the combination of these protein biomarkers in predicting the malignant transition of LGD and HGD in an endoscopic screening program.
MATERIALS AND METHODS

Subjects
An iodine staining endoscopic screening program of esophageal lesions in the high-incidence area of Feicheng County was carried out from January 2004 to December 2007. A questionnaire was used to interview all subjects to obtain basic information. The endoscopic screening test was performed in a small mobile car in villages. For persons with a non-staining area of the mucosa, random 4-quadrant biopsy specimens were obtained. Histopathologic diagnosis was carried out by two pathologists independently. The ethics committee of Shandong Academy of Medical Sciences approved the study protocol and all participants gave their written informed consent.
In this study, subjects with liver diseases and cardiovascular diseases were excluded. Immunohistochemical analysis was performed to determine the expression of p53, CEA and CA19-9 in histological sections of endoscopic biopsies from 603 persons who had free iodine staining regions of the esophagus. Based on pathological diagnosis of the biopsies, BCH was diagnosed in 77 persons, LGD in 247 (mild dysplasia in 167 and moderate dysplasia in 80), HGD in 51 (severe dysplasia in 35 and carcinoma in situ in 16), and early invasive carcinoma in 134. Eighty persons had no abnormal lesions and acted as normal controls. The data of 14 persons were excluded from the analysis due to failure of the immunohistochemical test (5 for p53, 4 for CEA and 5 for CA19-9).
Immunohistochemistry
The immunohistochemical detection of p53, CEA and CA19-9 proteins was performed using enzymelinked immunosorbent assay (ELISA) kits (Zymed Laboratories, Inc., South San Francisco, CA, United States).
Reviewing and scoring of the sections
The stained sections were reviewed and scored independently by two investigators using an Olympus microscope. Sections stained for p53, CEA and CA19-9 protein expression were scored from 0 to 4: 0, negative (no staining); 1, weakly positive (positive cells were ≤ 10%); 2, positive (positive cells were > 10% but ≤ 25%); 3, strongly positive (positive cells were > 25% but ≤ 50%); and 4, very strongly positive (positive cells were > 50%). In the multinomial logistic model analysis, each biomarker was used as a dependent variable and we defined 0 as negative and 1 as positive in order to avoid a zero number in one or more groups.
Statistical analysis
The χ 2 and Kruskal-Wallis H tests were used in the univariate analysis. The Spearman correlation test was performed to determine the association between the three biomarkers. Odds ratios (ORs) were calculated in the multinomial logistic model analysis. Receiver operating characteristic (ROC) curve analysis was used to discriminate the sensitivity and specificity between each lesion group and the normal control group for positive expression of the three biomarkers. All statistical analyses were performed using SPSS (version 17.0), and P < 0.05 (two-sided) was accepted as statistically significant.
RESULTS
p53, CEA and CA19-9 protein expression
The univariate analysis indicated that there were significant differences in age, school year, income per year-person, alcohol drinking, and smoking among the five groups, therefore these five variables were adjusted in the multinomial logistic analysis as potential confounding factors. Table 1 shows the characteristics of the variables in the five groups.
The positive rates of p53 protein expression in the ESCC, HGD, LGD, BCH and normal control groups were 53.0%, 52.9%, 35.6%, 27.3% and 20.0%, respectively; the positive rates of CA19-9 protein expression were 44.0%, 33.3%, 16.5%, 9.2% and 6.2%, respectively; the positive rates of CEA protein expression were 74.6%, 60.8%, 23.3%, 23.7% and 16.2%, respectively ( Table 2 ). The differences in the expression of the three biomarkers in the five groups were significant, and there were also significant linear trends in the increase in positive ratios with the transformation from normal to carcinoma.
The positive rates of the combined expression of the three biomarkers (if the expression of any one of the three biomarkers was positive, the combined expression was counted as positive；if there was an overlap in expression, the score of the strongest expression was taken as the score of the combination) were 84.3%, 76.5%, 47.6%, 42.9% and 27.5% in the five groups, respectively.
Correlations between the three biomarkers and their correlations with other factors
The correlation coefficients of p53 and CA19-9, p53 and CEA, and CA19-9 and CEA were 0.325, 0.374 and 0.503, respectively (all P < 0.01). The correlation coefficients of p53, CA19-9 and CEA with the degree of esophageal lesions were 0.287, 0.326 and 0.455, respectively (all P < 0.01). Both p53 and CEA, but not CA 19-9, had significant correlations with age (both P < 0.05). The three biomarkers had no significant correlations with school year, alcohol drinking index, smoking index and family history of esophageal cancer ( Table 3) .
Relationships of the three biomarkers with the stages of transformation from basal squamous cell hyperplasia to invasive carcinoma
The normal control group was regarded as the baseline (OR = 1.0), and both the ORs and 95% CIs of the three biomarkers in the other four groups were calculated using multinomial logistic models. The positive protein expression of p53, CEA and CA19-9 was significantly associated with the four esophageal lesions. As shown in Table 4 , almost all ORs (95%CIs) of p53, CEA and CA19-9 increased with the stages for the BCH group.
DISCUSSION
Wild-type p53 suppresses cell proliferation in normal tissues [34] , and p53 overexpression is regarded as a potential tumor prognostic factor [35] [36] [37] [38] [39] . Increased p53 expression in the pathogenesis of ESCC or adenocarcinoma indicates that p53 overexpression is involved in the initial steps of esophageal carcinogenesis and contributes to the development of precancerous lesions. van Dekken et al [40] studied histologic sections of endoscopic biopsies from patients with Barrett's esophagus, and found a significant trend for p53 protein overexpression during malignant progression. Kim et al [23] reported that positively stained p53
protein was observed in 87% of ESCC, 80% of esophageal dysplasia, and was not observed in normal mucosa. Bellini et al [26] reported that positive p53 immunohistochemistry progressively increased with pathology severity: Chagas disease (7.7%), chagasic megaesophagus (26.1%), chronic esophagitis (52.2%) and ESCC (100%). We also found that p53 expression showed a significant linear trend with the transition from normal to cancer. An increase in CEA or CA19-9 level is associated with a more advanced tumor stage [32, 41] , and their of transition. The strongest relationship was seen in the ESCC group. BCH had no significant association with the positive protein expression of the three biomarkers. However, the combination of the three biomarkers had significant relationships with all four esophageal lesions.
ROC curves and the possibility of predicting the malignant development of the esophageal lesions based on the positive expression of the three biomarkers
In the ROC curve analysis, we used a single biomarker and the combination of the three biomarkers to predict the risk of the four esophageal lesions. As shown in Table 5 , the areas of ROC curves for the combination of the three biomarkers were 0.837, 0.740, 0.590 and 0.562 in the ESCC, HGD, LGD and BCH groups, respectively. Statistical significance was found in the ESCC, HGD and LGD groups, but not in the BCH group.
When the positive expression score of 10%-25% was taken as the cut-off value, the sensitivities and specificities of the four ROC curves were determined and are shown in Table 6 and Figure 1 . In the ROC curves of the combination of the three biomarkers, the specificity was 88.8% for the normal control group, the sensitivity was 58.2% for the ESCC group, 25.5% for the HGD group, 11.2% for the LGD group, and 6.5% combination may provide more information for diagnosis and prognosis. Bagaria et al [42] reported that with the specificity set at 100%, the sensitivity for esophageal cancer was 28%, 18% and 42% for CEA, CA19-9 and their combination, respectively.
Scarpa et al [43] reported that the two biomarkers should be considered when evaluating candidates for esophagectomy. Setoyama et al [44] found that CEA mRNA expression was positively related to tumor depth and lymph node metastasis in ESCC patients. In another study, CEA mRNA was expressed in the blood, even though CEA and CA19-9 were normal in patients with relapse [45] . From these studies, we suggest that the serum level of CEA or CA19-9 protein expression in patients with early stages of carcinoma may be too low to be detected. In contrast, CEA or CA19-9 protein expression in biopsies from patients with the initial stages of esophageal carcinogenesis can easily be detected by immunohistochemistry. In the present study, the main finding was that the positive expression of CEA and CA19-9 proteins increased with the severity of BCH, dysplasia and carcinoma of the esophagus. These results are useful in understanding the mechanism of the evolution of esophageal cancer at the molecular level of protein expression.
Positive protein expression of p53, CEA and CA19-9 was associated with esophageal carcinogenesis, and a moderate association was found between the three biomarkers in the present study. Interestingly, we discovered that when the positive expressions of the 
In the five groups, the Kruskal-Wallis H test values of the differences in positive protein expression ratios of p53, CA19-9, CEA, and the three biomarkers combined were 50.279 (P < 0.001), 68.660 (P < 0.001), 160.453 (P < 0.001), and 142.393 (P < 0.001), respectively. The values of the linear-by-linear association test were 68.737 (P < 0.001), 61.076 (P < 0.001), 128.738 (P < 0.001), and 141.591 (P < 0.001), respectively;
2 If the expression of any one of the three biomarkers was positive, the combined expression was counted as positive; if there was an overlap in expression, the score of the strongest expression was taken as the score of the combination. ESCC: Esophageal squamous cell cancer; HGD: High-grade dysplasia; LGD: Low-grade dysplasia; BCH: Basal cell hyperplasia. three biomarkers were combined, the specificity for diagnosis of esophageal lesions was 88.8%, which was the target level for screening high-risk individuals, and the sensitivities markedly increased with severity of the esophageal lesions. However, the identification of patients with dysplasia who will then develop malignant lesions is very important. It is known that p53, CA19-9 and CEA proteins are secreted by malignant cells, and the simultaneous positive expression of these biomarkers in benign pathological lesions of the esophagus may possibly indicate that these lesions will become malignant. Our results indicate that an endoscopic screening program to detect these three biomarkers is beneficial to identify high-risk individuals with esophageal diseases. This information will be useful for doctors to plan the follow-up interval for endoscopic biopsy surveillance, and to decide on appropriate treatment.
It is difficult to obtain a biopsy from the free iodine staining area exactly at the site of the lesion, thus there may be some misclassification of diagnosis, and If the expression of any one of the three biomarkers was positive, the combined expression was counted as positive; if there was an overlap in expression, the score of the strongest expression was taken as the score of the combination. ESCC: Esophageal squamous cell cancer; HGD: High-grade dysplasia;
LGD: Low-grade dysplasia; BCH: Basal cell hyperplasia.
the controls may not have normal esophageal mucosa. Therefore, the expression rates of the three biomarkers were much higher in the controls. It is possible that the predictive values of the three biomarkers for the stages of ESCC may have been underestimated.
In addition, the expression of other biomarkers, such as p21 [46] , Ki-67, ProExC [47] and cyclin D1 [48] , is associated with ESCC, thus the relatively low sensitivity of the three biomarkers combined in the present study may have been influenced by other mechanisms involved in ESCC carcinogenesis.
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Background
Esophageal squamous cell carcinoma (ESCC) is one of the most lethal malignancies, and the pathogenesis involves a stepwise progression from basal cell hyperplasia (BCH) to low-grade dysplasia (LGD), high-grade dysplasia (HGD), carcinoma in situ, and finally invasive carcinoma. It is very important to identify biomarkers to screen high-risk subjects. 
COMMENTS
Research frontiers
The accumulation of p53 protein appears in the very early stage of esophageal carcinogenesis and culminates in malignant transformation. There are few studies on carcinoembryonic antigen (CEA) and CA19-9 protein expression in biopsy tissue from precancerous lesions of the esophagus in a high-incidence area. Therefore, the authors determined whether the combined expression of these three biomarkers would lead to a more thorough understanding of the development of ESCC.
Innovations and breakthroughs
The positive protein expression of p53, CEA and CA19-9 was associated with esophageal carcinogenesis. When the positive expressions of the three biomarkers were combined, the specificity achieved the target level for screening high-risk individuals, and the sensitivities markedly increased with the severity of esophageal lesions.
Applications
The results of this study indicate that an endoscopic screening program to determine these three biomarkers is beneficial to identify high-risk individuals with esophageal diseases. Information on the expression of these three biomarkers will be useful for doctors to plan the follow-up interval for endoscopic biopsy surveillance, and to decide on appropriate treatment.
Terminology
CA19-9 is a high-molecular-mass mucin glycoprotein complex and is used as a tumor marker for cancers of the colon, stomach, pancreas and bile duct.
